Background: Forces deployed to the first Gulf War report more ill health than veterans who did not serve there. Many studies of post-Gulf morbidity are based on relatively small sample sizes and selection bias is often a concern. In a setting where selection bias relating to the ill health of veterans may be reduced, we: i) examined self-reported adult ill health in a large sample of male UK Gulf War veterans and a demographically similar non-deployed comparison group; and ii) explored self-reported ill health among veterans who believed that they had Gulf War syndrome.
Background
Following the 1990-91 Gulf War there have been a number of published reports highlighting the increased morbidity of military personnel who served in the conflict. Studies from all over the world show that forces deployed to the Gulf (GWV) report more ill health than veterans who did not serve there (NGWV) [1] [2] [3] [4] [5] [6] [7] . In terms of the types of reported symptoms, different studies have discovered a range of nonspecific chronic conditions. Many research groups have noted that GWV are more likely to suffer from substantial fatigue, symptoms of post-traumatic stress, and psychological distress [1, 2, 4] . Others have also described peripheral, respiratory, gastrointestinal, psychological and concentration problems [3] .
Despite millions of dollars of funding and several independent investigations in a number of countries [8] , the increased morbidity of GWV remains an unexplained phenomenon. Media interest and anecdotal reports have fuelled speculation concerning the existence of a Gulf War syndrome (GWS), linking reports of ill health to certain hazardous exposures experienced during the conflict. Most notably these include anti-chemical warfare nerve agent prophylaxis (NAPS), depleted uranium, multiple vaccinations, smoke from oil fires and pesticide use. It is hypothesised that exposure to these hazards has led to the development of a unique syndrome among some GWV, including symptoms of post-traumatic stress disorder [4] , fibromyalgia [9] , chronic fatigue [1, 10] and multiple chemical sensitivity [10, 11] . However, attempts to specify and measure the syndrome have led to contradictory findings and interpretations [12] . Current opinion does not support the existence of a unique syndrome affecting GWV, but findings support an excess of non-specific selfreported ill health in this group [13, 14] . This is the largest UK study of post-Gulf War morbidity to date, and the first to approach all veterans of the Gulf war (rather than a sample), including both serving and discharged personnel. The questionnaire focused on reproduction and child health, but a page was included which asked for information on the study participants' changes in health status since 1990. Since the focus of the study was on reproduction and child health, we reasoned that selection bias relating to the ill health of the veterans themselves might be reduced. Previous studies have included tick-boxes or grading scales with a list of possible symptoms for respondents to mark and GWV have tended to report increased frequencies of almost all symptoms included in questionnaires [1, 3, 4] . In contrast, we asked participants to respond to an open-ended question about 'any new medical problems or changes in general health since 1990'. By allowing veterans to report on a full and non-specific range of symptoms using free text it was hoped that they would report only those symptoms which they felt were most important to them.
The main objective of this analysis was to quantify and describe symptoms and diseases reported by UK GWV and a comparison group since 1990. We aimed to determine whether GWV still report more ill health, and/or a different profile of symptoms and diseases than NGWV when, i) their children's rather than their own health was the focus of the study; and ii) details of their own ill health were requested in a non-specific way using free-text. In addition, we aimed to estimate the number of GWV who believed that they had Gulf war syndrome (GWS), and to compare their reported disease/symptom profiles with GWV who did not believe they had the syndrome.
Methods
Full details of the study are reported elsewhere [15] . In brief, the Gulf War cohort (GWV) consisted of all UK armed forces personnel deployed to the Gulf area at any time between August 1990 and June 1991 (51,581 men and 1,230 women). Special forces were excluded for security reasons. The comparison cohort (NGWV) comprised demographically similar personnel who were in service on 1 st January 1991 and were appropriately fit, but were not deployed to the Gulf (51,688 men and 1,236 women). The group was stratum-matched on sex, age (five-year groups), service (Army, Navy, Air Force), rank (officer, other ranks), serving status at the time of the Gulf War (regular, reservist) and on fitness to be deployed (Army and Air Force only). 42,818 men and 1,269 women responded to the survey, representing response rates of 48% and 66% respectively after adjusting for undelivered mail. For reasons of statistical power, the analyses reported in this paper were restricted to the 42,818 male responders.
Basic demographic details and last known address for all surviving cohort members were obtained from the Ministry of Defence (MoD). Information was collected using a validated postal questionnaire sent to both serving and discharged military personnel between August 1998 and March 2001. In addition to questions on reproduction and pregnancy outcome, information was collected on the study participant's current health, and on changes in health status since 1990. Questions on service history, smoking status, current alcohol consumption, and details of vaccinations and exposure to specific chemical and environmental factors during the Gulf war (1990-91 for NGWV) were included. GWV were also asked if they considered that they had 'Gulf War syndrome' (Yes /No/Not Sure). Missing information was checked by letter or telephone, and an Intensive Tracing Study (ITS) of nonresponders was conducted.
The primary outcome measure was the reporting of one or more new medical problems or changes in general health since 1990. Reported symptoms/diseases were coded into one of 36 different categories (based loosely on ICD-10 classification), and the data were examined by these ill health categories. Subjects were counted only once in the analysis if they had more than one symptom in the same category.
Statistical analysis
All analyses were performed using Stata 7.0 statistical software [16] . All p-values quoted are two-sided and values less than 0.05 were taken to indicate statistical significance. t-tests were conducted on log transformed data to compare the average number of ill health categories reported per subject in different groups. The association between deployment and ill health was explored using logistic regression analysis, calculating odds ratios and 95%CIs (with NGWV as baseline) for each ill health category. We adjusted for age at survey, service, rank, serving status at time of survey, smoking status and current alcohol consumption in all models.
Results

Response
Data supplied by all male respondents are analysed here (24,379 GWV; 18,439 NGWV). Characteristics of these men and of those reporting one or more medical problems arising since 1990 are presented in Table 1 . GWV responders were slightly younger than NGWV responders, and were more likely to have served in the Army, to not be an officer, to have left the Armed Services, to have ever smoked, and to have consumed larger amounts of alcohol. However, the differences in the distributions were not large. Among those reporting one or more medical symptom/disease, GWV were again younger, more likely to serve in the Army, to not be an Officer, and to have ever smoked.
Symptoms/diseases 61% of GWV reported at least one new medical symptom since 1990 compared with 37% of NGWV (adjusted OR 2.7, 95% CI 2.5-2.8). The data are presented by ill health category in Table 2 in order of frequency of reporting by GWV (highest to lowest). The most common symptoms/ diseases reported by GWV were skeletal and other muscular symptoms (15.1%), 'other' symptoms (13.1%), general fatigue (10.8%), memory loss/lack of concentration (7.9%) and skin allergies (7.6%). Accidental injury (2.6%) was among one of the most common ill health categories reported by NGWV. Overall, GWV reported significantly more symptoms/diseases than NGWV. Among all those reporting one or more new symptom/disease since 1990, GWV reported a median of two different ill health categories per subject (range 1-23), while NGWV reported a median of one (range 1-17) (p < 0.001).
For over 85% of categories of ill health, symptom/disease prevalence was higher among GWV ( Figure 1 ; Table 2 ). Strongest associations with Gulf war service included mood swings (OR 20.9, 95%CI 16.2-27.0), memory loss/ lack of concentration (OR 19.6, 95% CI 15.5-24.8), night sweats (OR 9.9, 95% CI 6.5-15.2), general fatigue (OR 9.6, 95% CI 8.3-11.1) and sexual dysfunction (OR 4.6, 95%CI 3.2-6.6). Adjustment for potential confounding factors had little impact on these associations, none changing the ORs by more than about 3-4% on average.
Gulf War syndrome (GWS) among GWV 23,103 GWV answered the question "Do you consider that you have "Gulf War Syndrome"?". 5.6% believed that they had the syndrome (GWS) and 40.9% stated that they were 'unsure' ( Table 1) . Among all GWV reporting one or more new symptom/disease since 1990, veterans who believed that they had GWS reported the highest number of different symptoms/diseases (median = 3; range 1-23), with those who were unsure (unsure-GWS) reporting more symptoms/diseases (median = 2; range 1-15) than those who stated that they did not (non-GWS) (median = 1; range 1-10 categories per subject); (χ 2 trend : p < 0.001). For all but one ill health category (accidental injury), those who believed that they had GWS reported the highest symptom/disease prevalence, with unsure-GWS reporting intermediate frequencies for all categories (Table 3; Figure 2 ).
Discussion
This is the largest study of male UK veterans of the first Gulf war and the only one to approach all those deployed. Unlike other Gulf war studies, information on ill health arising since the war was collected using free text. Our study confirmed that GWV were significantly more likely to report at least one new medical problem since 1990 than a non-deployed comparison group. It also confirmed that veterans were more likely to report higher numbers of symptoms/diseases. These typically included skeletal and other muscular symptoms, general fatigue, memory loss/ lack of concentration, skin allergies, mood swings/aggression and headaches. This pattern of symptom reporting is similar to that found in other studies of UK GWV [1] [2] [3] , which looked at the same populations using different methods. For example, Unwin et al [1] found that GWV reported all symptoms (in pre-defined categories) at higher frequencies than NGWV in their study of a sample of UK veterans with two matched comparison groups, while we found that GWV reported higher prevalence in 85% of ill health categories.
In terms of the nature of self-reported ill health, we found similar results to the range of symptoms that have been reported elsewhere. Gray et al's [17] study of GWV found that over 50 percent of diagnoses could be classified into four large categories: diseases of the musculoskeletal system and connective tissue (19.0%), mental disorders (14.7%), diseases of the respiratory system (10.5%) and diseases of the skin and subcutaneous tissue (9.4%). In our study the same four categories accounted for 50.3 percent of all reported symptoms/diseases and this figure rises to over 70 percent when the categories of fatigue and nervous system disorders are included. An additional point concerns the higher levels of accidental injury reported by NGWV veterans; accidents were only half as likely to occur among GWV compared to NGWV (1.3% versus 2.6%). This was surprising as mortality from accidents has repeatedly been found to be raised among GWV [18] . This difference is probably due to the inclusion of both major and minor injuries (including those resulting in bone fractures) in our study, and because GWV may be more inclined to report things they think are associated with their Gulf War service.
Our findings on Gulf War syndrome (GWS) approximate those from other studies [12] [13] [14] 19, 20] . A significant proportion of GWV believed that they had GWS (5.6%) and this belief was associated with increased symptom reporting. This figure was lower than that reported by other studies (Chalder et al [12] found that 17.3% of GWV believed that they had GWS), but we are the first group to report on a large proportion of GWV who were 'unsure' of their GWS-status (40.9%). 'Unsure' veterans generally reported intermediate frequencies of ill health between those veterans who believed that they had GWS and those that did not. In a sample of UK veterans, Chalder et al [12] found that those who believed they had GWS were more fatigued, more distressed, and more likely to have a posttraumatic stress reaction than veterans who did not believe they suffered from GWS. Our data showed that GWS veterans reported higher frequencies of all categories of ill health (except accidental injury), including skeletal and other muscular symptoms, general fatigue, mood 1 Subject can appear in the table as many times as they reported different symptoms. More than one symptom within a group in the same subject counted once only. Number of symptoms in sub-groups may not add up to group total if more than one symptom was recorded within the group for the same subject. 2 Denominators and number of veterans reporting ≥ 1 new symptom/disease since 1990 are different to the numbers reported in Table 1 as some respondents did not give specific details of their symptoms/diseases and could not therefore be included in this table. 3 Adjusted for age at survey, service and rank at time of Gulf war, serving status at time of survey, alcohol consumption and smoking. 4 Not Otherwise Specified (NOS) 5 Category includes those reporting 'burning semen' GWV 13 (0.1%); NGW 1 (0.0%) 6 Includes all reported malignant neoplasms, plus all reported brain tumours, benign or malignant. * 0.01 < p < 0.05 ** 0.001 < p < 0.01 *** p < 0.001 swings, memory loss/lack of concentration and headaches. In common with results from other studies of GWV [13, 14, 19, 21] , those who stated that they had Gulf War syndrome reported the same types of symptoms as all GWV, but reported them at higher frequencies, providing evidence against a unique syndrome.
Study limitations
In the absence of an official register or a mandatory health evaluation programme, obtaining accurate information from post-combat veterans is a difficult process and one which inevitably relies on self-reporting. This method of data collection introduces possible selection bias into a study. After adjusting for undelivered mail, response rates among men were 53% for GWV and 42% for NGWV [15] . Given the relatively low response rate, an intensive tracing study of non-responders was conducted to investigate possible selection bias. Data from the study indicated that the majority of reasons given for previous non-participation were entirely unrelated to reproduction or Gulf War service. Ninety percent of the reasons given by both GWV and NGWV for earlier non-response related to such things as not remembering receiving a questionnaire, thinking they had sent it back, or general 'mistrust' of the MoD [15] . It might therefore be concluded that response bias relating to adverse health outcomes was not large in this study.
In terms of suitable controls, an advantage of this study was the comparison of GWV with another military cohort.
Comparisons with civilian populations may have been misleading as military recruitment involves medical and fitness screening. Furthermore, 'healthy warrior' bias (where veterans deployed to the Gulf might be healthier than those who were not deployed) [22] [23] [24] is unlikely to account for the findings in our study because the comparison group were broadly matched to the GWV on fitness to be deployed.
A potential problem with any retrospective study design is recall bias. The questionnaire asked veterans to consider any new medical problems or changes in general health they had experienced since the end of the Gulf War, and this involved them recalling events that might have happened up to seven or eight years in the past. During this time there has been much media speculation over Gulf War illness and this may have introduced recall bias and led to under-or over-reporting of certain symptoms. Gray et al have shown that participation in Gulf War health registries is greatly influenced by media attention and is likely to be influenced by compensation issues. This was illustrated by increased enrollment during periods of high media interest in Gulf War issues [17] . A further limitation of this study concerns the lack of clinical validation of selfreported ill health. However, conducting clinical exami- 1 Subject can appear in the table as many times as they reported different symptoms. More than one symptom within a group in the same subject counted once only. Number of symptoms in sub-groups may not add up to group total if more than one symptom was recorded within the group for the same subject. 2 Adjusted for age at survey, service and rank at time of Gulf war, serving status at time of survey, alcohol consumption and smoking. 3 Not Otherwise Specified (NOS) 4 Category includes those reporting 'burning semen' GWS 6 (0.5%); unsure-GWS 5 (0.1%); non-GWS 2 (0.0%) 5 Includes all reported malignant neoplasms, plus all reported brain tumours, benign or malignant. * 0.01 < p < 0.05 ** 0.001 < p < 0.01 *** p < 0.001 nations and psychiatric assessments of every veteran would have been time consuming and prohibitively expensive. Furthermore, studies looking at 'hard' clinical diagnoses or more objective outcomes, such as cancer [25] or hospitalisation rates [26] , have shown no important differences between GWV and comparison groups.
Researchers have concentrated instead on differences in 'softer' endpoints [1] [2] [3] , which are similar to those reported here.
Conclusions
This study is consistent with other research showing a significant excess of morbidity among GWV. It also confirms the lack of specificity in post-Gulf war illness. These findings were replicated despite the fact that reproduction and child health were the focus of the study (rather than the veterans' general health), and questions relating to the veterans' own health were open-ended. Research groups have linked post-Gulf War ill health to a number of selfreported exposures but these analyses are limited by a lack of independent individual-level exposure data [1, 27, 28] . It has been suggested that changes in perception resulting from the disruption of war rather than specific exposures might be responsible [3] , and there have been calls to move away from this narrow focus [29] . In the Gulf, disruption included change of climate, living conditions, diet, sleeping patterns, physical activity and separation from family, as well as the threat of chemical and biological weapons [27] . Despite such conjecture, explaining the increased ill health of GWV remains a controversial subject and there is no real consensus of opinion. In order for more rigorous aetiological studies of post-conflict illness to be undertaken in the future, there is a need to improve routine health surveillance and record-keeping both preand post-deployment [30] . This surveillance should also translate into more effective prevention and treatment programs in order to reduce the burden of post-war illness. Further research on the mechanisms underlying the Prevalence of self-reported ill health categories by deployment to the Gulf war (ordered by frequency of reported ill health categories among GWV) Figure 1 Prevalence of self-reported ill health categories by deployment to the Gulf war (ordered by frequency of reported ill health categories among GWV) A l l e r g i e s o t h e r t h a n s k i n A c c i d e n t a l i n j u r y C a n c e r
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